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Abstract 
 
Improving the quality of healthcare services while 
simultaneously reducing the overall cost remains a 
huge challenge. One recommended approach for 
achieving this goal is to build high quality data 
collection and reporting systems to facilitate evidence-
based practice (EBP), which emphasizes the 
importance of using the solid evidence available to 
make optimal clinical decisions. In this project, we 
conducted interviews and a survey with clinicians to 
understand their perceptions and expectations on such 
data collection and reporting systems. Based on the 
obtained results, we created an integrated platform 
using mobile and web technologies for Augmentative 
and Alternative Communication (AAC) intervention. A 
usability study was conducted to evaluate the 
integrated platform and compared the platform to 
other existing data collection and reporting 
approaches. The study results indicated that our 
platform provides a better approach for supporting 
data collection, integration, and reporting, as well as 
streamlining the workflow of AAC clinical service 
delivery.  
 
 
1. Introduction  
 
A report released in 2013 by the Institute of 
Medicine (IOM) highlighted the significant demand for 
improving healthcare quality and reducing its cost in 
the United States [1]. One of the recommended 
approaches is to create high-quality data collection and 
reporting systems, since such systems can provide real-
time access to patient data, translate the collected data 
into medical evidence, and as a result, facilitate 
evidence-based practice (EBP), which emphasizes the 
importance of using the best evidence available to 
make optimal clinical decisions. For that purpose, 
clinicians are required to collect, analyze, report, and 
review their patients’ performance data before they 
adjust treatment. 
Verbal communication is an essential skill to 
human beings and a major influence on the overall 
quality of life. However, over 3.7 million people in the 
U.S. have a profound communication disability -- they 
cannot express themselves with their voice [2, 3]. 
Augmentative and Alternative Communication (AAC) 
intervention, including assistive technology and 
strategies, has been proven to be effective in enabling 
people with communication disabilities (PwCD) to 
express themselves, increase social interaction, and 
maintain independent communication [4].  
For AAC clinical service delivery, EBP requires 
speech language pathologists (SLPs) to collect and 
review clients’ language performance data and use the 
best evidence available to make clinical decisions [4]. 
Some traditional AAC devices can be used to collect 
user activity data and generate log files; however, the 
reports cannot be generated in the same treatment 
session without extensive manual work, and the log 
files cannot be retrieved remotely [5]. In recent years, 
A few mobile AAC applications (apps) have become 
available to support automatic outcome report 
generation in real time. Unfortunately, those reports 
provide limited information for monitoring clinical 
outcomes. Therefore, the lack of efficient clinically-
relevant data collection and reporting in AAC 
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intervention profoundly affects the process of clinical 
service delivery.  
Mobile technologies have been widely adopted 
throughout healthcare service delivery in recent years 
[6]. The portability and accessibility of mobile devices 
present an obvious opportunity for supporting a better 
quality of care in the domain of healthcare. Mobile 
devices may be used for a wide variety of purposes, 
such as disease diagnosis and assessment [7, 8], 
disease management and monitoring [9, 10], disease 
prevention [11, 12], health education or promotion [13, 
14], and data collection and reporting [15, 16]. These 
studies suggested that there are potential benefits in 
using mobile devices to provide more efficient, 
accessible, lower cost, and better quality of healthcare 
services. The advantages of mobile apps for real-time 
data collection and retrieval are very useful for 
healthcare professionals in patient monitoring [17]. A 
web portal may serve as a resource for providing 
healthcare professionals with convenient access to 
comprehensive information about their patients’ 
clinical performance. 
The adoption of mobile technologies in healthcare 
services has provided new ways of capturing user 
activity data and providing real-time outcomes. 
Patient-generated data can be used to monitor patient 
outcomes, improve treatment strategies, and translate 
information into medical evidence by providing real-
time access to knowledge. Integrating mobile devices 
and a web-based portal could serve as a platform to 
provide EBP in AAC service delivery. 
 
2. Background  
 
2.1. Evidence-based Practice 
  
EBP is the integration of best research evidence 
with clinical expertise and patient data [18]. It 
emphasizes the importance of using the most solid 
evidence available to make optimal clinical decisions. 
In the field of communication science, EBP is defined 
as the conscientious, explicit, and judicious integration 
of 1) best available external evidence from systematic 
research; 2) the best available evidence internal to 
clinical practice; and 3) the best available evidence 
concerning the preferences of a fully informed patient 
[4, 19]. High-quality external evidence from systematic 
research can reveal valuable information about average 
patterns of performance across groups of patients, 
however, its applicability to an individual patient is 
unknown [20]. Internal evidence to clinical practice 
with a patient, in other words, objective patient data, 
are important complements to external evidence from 
systematic research. Internal evidence and the patient’s 
preference can be collected through quantitative 
analysis of language samples [4]. To realize EBP in 
communication science, one needs to make this type of 
patient data readily available to SLPs.  
 
2.2. AAC – Augmentative and Alternative 
Communication 
  
According to American Speech-Language-Hearing 
Association, “People with severe speech or language 
problems rely on AAC to supplement existing speech 
or replace speech that is not functional [21].” AAC 
refers to any communication approaches that 
supplement or replace natural speech and/or writing 
that may be impaired [4]. It includes devices, various 
types of content used to express needs and thoughts, 
and clinical strategies to enhance or replace natural 
speaking abilities. AAC can be considered as an 
approach of communication, as well as a tool to 
develop language skills. AAC strategies can range 
from no-technology (paper and pencil) to high-
technology (electronic devices with vocal output). The 
AAC technique has been proven to enable people with 
communication disabilities to express themselves, 
increase social interaction, and maintain independent 
communication across the lifespan [4].  
 
2.3. Existing Data Collection and Reporting 
Approaches in AAC 
  
2.3.1. Approach 1: Collecting Data Using Dedicated 
AAC Device and Manually Generating Reports. In 
this approach, language samples such as the content 
and time of language events are collected and stored in 
dedicated AAC devices. The language samples are 
stored as text files in these devices. To obtain these 
files, SLPs need to physically obtain the devices and 
retrieve the text file through a USB flash drive when 
their clients are visiting the clinic. To generate a report, 
SLPs need to manually preprocess the collected 
language samples and feed the processed text file into a 
special computer program to generate a performance 
report. This is a delayed and time-consuming process. 
SLPs can only retrieve the data when their clients are 
visiting the clinic and SLPs also need to spend a lot of 
time to preprocess the collected data before they can 
obtain the final performance report. Therefore, when 
this approach is used, SLPs do not know their clients’ 
most recent performance in communication when they 
see their clients in the clinic. Because this report 
generation process is manual and time-consuming, and 
the information is always delayed, a number of SLPs 
choose not to download and process the language 
samples collected by the dedicated AAC devices [22]. 
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2.3.2. Approach 2: Collecting Data and 
Automatically Creating Reports Using Mobile AAC 
Apps. The second data collection and reporting 
approach was implemented in mobile AAC apps. 
These types of apps are able to collect clients’ data and 
generate performance reports in real-time. The 
timestamp of each event is also included in the report. 
SLPs can either review the result directly in the app or 
ask their clients (or caregivers of their clients) to email 
the report to them through the app. This approach is 
more convenient than the previous approach, however, 
SLPs still can only access the reports when the clients 
are visiting their clinic (view on the app) or specifically 
request the clients to email the reports to them. To 
make the situation even more cumbersome, the data 
items in those reports are often not exactly what SLPs 
are most interested in because the designers of those 
AAC apps are not researchers and therefore, did not 
seek the input from SLPs when they created the apps 
[22].  
 
2.4. Theoretical Framework 
  
The overall theoretical framework of this project is 
the Systems Development Life Cycle (SDLC) [23], 
which is highly recommended for producing high-
quality software systems that meet customer’s 
expectations. The typical stages of SDLC include a) 
requirement analysis, b) software system design and 
implementation, c) system evaluation, and d) system 
deployment and maintenance. Although these software 
development stages are well known to the health IT 
community, many mobile health (mHealth) systems 
were created and released to the market without the 
analysis of user requirements and therefore many of 
these mHealth systems did not meet the needs of target 
users [24]. This paper provides a description of the first 
three stages of our mHealth platform development and 
evaluation, with extensive details on the first stage: 
requirement analysis. The second and third stages are 
described briefly in this article and further details are 
provided in other places [22, 25].   
 
3. Methods  
 
To create a data collection, integration, and 
reporting system that will be highly useful for SLPs, 
the first step is to perform requirement analysis. In 
other words, we need to know the perceptions and 
expectations SLPs have on the specific data items and 
information they desire to see in the data collection, 
integration, and reporting system. For that purpose, we 
conducted an interview and a survey study with SLPs.  
 
3.1. Interview Study 
  
SLPs in the greater Pittsburgh area were recruited 
through professional referrals. Each interview took 
roughly one hour, and all interviews were audio 
recorded for further data analysis. The following are 
the questions used in the interview study. They are 
organized into six different categories.  
 
a) Background questions 
• How many years of work experience do you have 
as a SLP? 
• What is your current work setting? 
• Have you provided AAC intervention to your 
clients? 
 
b) Data collection approaches 
• Do you collect data (e.g. language samples) during 
the AAC intervention? If yes, please describe your 
data collection methods. 
• What is your main purpose for data collection?  
• Are you able to monitor clients’ everyday 
activities on AAC devices/apps in real time? If 
yes, please describe your approach. 
• Are you satisfied with your current data collection 
approach? Why or why not?  
• What are the problems/limitations of the current 
data approach? Are there any changes that you 
expect to see in the near future? 
 
c) Perspectives on mobile AAC apps 
• Have you used any mobile AAC apps before? Do 
you like those apps? Why or why not? 
• What are the advantages and disadvantages of 
mobile AAC apps in your opinion? 
 
d) AAC therapy outcome measurements 
• Which outcome measurements do you want to see 
in collected data? 
• Are there any specific outcome measurements you 
use for your reports for evaluation and 
reimbursement purposes? 
 
e) Desired features on a web-based clinician portal 
• Do you think the following features of a web-
based clinician portal are beneficial for you? Why 
or why not? 
 Monitoring clients’ performance anytime 
through the Internet 
 Providing a summary of clients’ language 
performance over time 
 Providing outcome details for further analysis 
• Are there any other features that you would expect 
to see? 
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f) Perspective on a web-based clinician portal 
• Do you believe such a web portal will support 
AAC service delivery? 
• Will the clinician portal enhance the current data 
collection and reporting process? 
• Will the clinician portal improve both the quality 
and efficiency of health service delivery? 
 
3.2. Survey Study 
  
The interview study was used to obtain the general 
idea about the current data collection approaches and 
SLPs’ desire for a better data collection and reporting 
system, in addition to the general requirements on the 
outcome data. This survey study was to understand 
SLPs’ opinion on performance data and the specific 
types of information that SLPs consider important to 
clinical intervention and outcome measurements. For 
that purpose, an online survey was conducted with 
SLPs via the Qualtrics system in the United States 
(Qualtrics, Provo, Utah). This survey was an updated 
version of a validated questionnaire named AAC 
Sampling Procedures and Performance Monitoring 
Questionnaire (SPPMQ) published in 2001 [5]. This 
new version of the survey covered questions about 
SLPs’ perspectives on traditional language sampling 
methods, as well as their expectations to recent 
innovative data collection and analysis procedures. 
Some questions were updated because of advancement 
in information technology in recent years, such as the 
wide adoption of mobile apps in healthcare. Table 1 
shows some updates to survey questions and the 
corresponding reasons for the specific update. The 
recruitment flyers of this survey study were distributed 
during the annual Clinical AAC Research Conference 
in 2015 and via the AAC Institute Newsletter.  
 
3.3. System Implementation 
  
A language sample data collection, integration, and 
reporting platform (named EuTalk) was then created 
based on a comprehensive literature review, the 
information collected in the interview and survey 
studies using mobile and web technologies.  
 
3.4. System Evaluation 
  
A usability study on EuTalk was conducted with 
communication science professionals to evaluate its 
usability of the system. EuTalk was also compared 
with other existing data collection and reporting 
approaches. Professionals from the field of 
communication science between the ages of 18 and 65 
were recruited for this study, including certified SLPs 
and graduate students with clinical experience. The 
study protocol was approved by the Institutional 
Review Board (IRB) at the University of Pittsburgh.  
 
Table 1. Updates made on SPPMQ and the 
corresponding reasons. 
 
SPPMQ New 
Questionnaire 
Reasons for Update 
 List mobile AAC 
apps that are 
presently used. 
Added a new 
question regarding 
the use of mobile 
AAC apps 
Use videotape 
to collect 
language 
samples. 
Use video 
recording to 
collect language 
samples. 
Videotape is rarely 
used recently. Video 
recording is more 
common today 
Indicate the 
use of the 
methods to 
collect AAC 
performance 
data. 
Indicate the use 
of the automatic 
methods to 
collect language 
samples. 
The question was 
updated to ask about 
automatic data 
collection methods 
since most of the 
manual data 
collection methods 
are no longer used 
Indicate the 
selection of 
word-based 
and 
utterance-
based 
summary 
measures. 
Indicate the 
selection of 
utterance-based, 
word-based, and 
app-based 
summary 
measures. 
App-based summary 
measures were 
added to include 
app-specific data 
analysis 
SLPs’ 
perspectives 
on the data 
logging 
feature on the 
AAC device. 
SLPs’ 
perspectives on 
the data logging 
feature on the 
mobile AAC app. 
To understand 
SLPs’ perspectives 
on the mobile AAC 
apps 
 
During the usability study, the study participants 
were introduced to EuTalk and two other data 
collection and reporting approaches in AAC 
technologies described in section 2.3. These study 
participants were required to finish several tasks (such 
as managing a client list, generating and reviewing 
performance reports, and managing client records) 
using each data collection and reporting approach. 
Upon completion of all assigned tasks, the participants 
were asked to complete a post-study questionnaire to 
express their overall impression on EuTalk. The study 
participants were also asked to compare these three 
data collection and reporting approaches and indicate 
their preferences in different scenarios.  
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4. Results  
 
In this section, the results from the interview study, 
the survey study, and a brief summary of the system 
evaluation are provided. Extensive details of the 
system evaluation studies go beyond the scope of this 
article and are described in [22, 25] and one 
manuscript currently in preparation.  
 
4.1. Results of Interview Study 
  
a) Background 
Five certified SLPs in the greater Pittsburgh area 
were recruited to participate in this interview study. 
Participants’ work experiences ranged between 4 to 12 
years. Most of them (80%) were SLPs with more than 
5 years of work experience. Participants’ current work 
settings included private clinics and schools. All 
participants had experiences in AAC intervention.  
 
b) Existing Approaches of Data Collection 
The existing approaches for data collection include 
behavior observation (taking notes), video/audio 
recording, and downloading text files from dedicated 
AAC devices. Behavior observation is the method that 
most participants used daily. Reimbursement and 
treatment adjustment are two main purposes for which 
SLPs would collect clients’ performance data. All 
participants agreed that they are not satisfied with the 
current data collection approach, since it takes extra 
time to collect and process the data. Moreover, 
participants are not able to monitor clients’ everyday 
activities in real time. To improve the current data 
collection approach, the participants expect to have a 
new approach that is able to automatically collect real 
time data and provide quality information. 
 
c) Perspective on Mobile AAC Apps  
Four of the five (80%) participants had experiences 
using mobile AAC apps. They all agreed that mobile 
AAC apps have the potential to help people with 
communication disabilities. However, the quality of 
the existing AAC apps is one of their biggest concerns, 
because most mobile AAC apps on the market were 
not designed by healthcare professionals and did not 
collect desired data for clinical purposes. 
 
d) Outcome Measurements 
Four of the five (80%) participants indicated that 
the client’s time of using AAC devices is important to 
their communication performance. Other outcome 
measurements include communication rate, mean 
length of utterance, and error rate. Three (60%) 
participants expressed a need to distinguish the logs by 
different users, such as clients vs. family members. 
 
e) Perspective on a Web-based Clinician Portal 
All participants believed that a clinician portal 
could support AAC service delivery, enhance the 
current data collection and reporting process, and 
ultimately improve both the quality and efficiency of 
health service delivery.  
 
f) Desired Features on a Web-Based Portal 
All participants agreed that some features on the 
clinician portal could be beneficial, such as remote 
monitoring in real time and a dashboard overview, as 
well as detailed outcome information. They suggested 
including the ability to select the time period of the 
data and various options for exporting data. 
 
4.2. Results of Survey Study 
  
Twenty-six responses were collected in this online 
survey study. The work experience the participants had 
in providing AAC clinical services ranged from 1 year 
through 34 years (mean = 12 years). Participants 
collected language samples using handwritten, audio 
recordings, or video recordings approaches. Fifty-four 
percent of the participants collected language samples 
from dedicated AAC devices, while 44% of them 
collected data from mobile AAC apps. 
Participants answer other survey questions in this 
study on a 4-point Likert scale: agree, somewhat agree, 
somewhat disagree, and disagree.  
Ninety-five percent of the participants agreed that 
analyzed performance data would be helpful for 
providing more effective therapy and 66% of the 
participants agreed that the information would make it 
possible for producing faster progress in the AAC 
intervention process.  
Ninety-five percent of the participants agreed the 
analyzed data would benefit people who rely on AAC, 
90% agreed that it would better clarify needs, and 81% 
agreed that it would lead to more effective 
communication. Furthermore, 90% of the participants 
agreed that the performance data provides more 
effective data to justify the selection of an AAC 
system. Sixty-two percent of the participants agreed 
that a mobile device for data collection is easy and 
practical. 
Seventy-two percent of the participants agreed that 
the use of built-in data logging feature of an AAC app 
is easy and practical, and 90% percent of the 
participants would be more likely to use this built-in 
feature. Ninety percent of the participants agreed that 
the availability of automated performance monitoring 
tools will allow for more frequent collection of 
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language samples, and 95% agreed that using such a 
tool can improve the analysis process. Consequently, 
95% of the participants agreed that these tools should 
be easy and user-friendly to integrate the tool into the 
intervention program. Moreover, 95% of the 
participants would collect performance data if the 
performance monitoring tools were able to make the 
process easy and efficient, while 90% would use 
analyzed performance data more often if the tools were 
available as an entire package. 
The outcome measurements most respondents 
believed important (≥ 70%) include three app-based, 
three word-based, and four utterance-based summary 
measurements. More specifically, they are usage 
frequency of the app, user language performance at 
home, percentage of core vocabulary, total number of 
words, utterance structure, total utterances, average 
communication rate in words, mean length of 
utterances in words, usage frequency of different 
activities in the app, and total number of different 
words.  
 
4.3. Implemented System: EuTalk 
  
A mobile AAC app and a web-based clinician 
portal (EuTalk) were implemented according to the 
findings identified in the interview and the survey 
studies, in addition to a comprehensive literature 
review. More specifically, the comprehensive literature 
review identified problems in the current AAC systems 
and existing data collection and reporting approaches, 
while the interview and survey studies indicated the 
desired data items, specific language performance 
measurements, and SLPs desired features of the new 
mHealth platform.  
The tablet-based AAC app was developed to 
provide a communication interface for everyday 
communication and clinical treatment exercises for 
PwCD [25]. The app logs all user activities and 
transmits the data to a secure server over the Internet 
and the data on the server are only accessible to 
authorized SLPs via the web portal.  
 
 
Figure 1. A web-based clinician portal – Dashboard. 
The web portal was developed to provide an 
overview and detailed information about PwCD’s 
communication performance to SLPs. The dashboard 
(Figure 1) provides SLPs an easy-to-read interface to 
examine clients’ progress reports in graphical charts. 
SLPs can also access the raw performance data and 
detailed analysis results while PwCD are using the 
mobile app at home. With this information on the 
portal, clinicians can obtain a better idea about their 
clients’ communication routines and overall progress 
over time. 
The complete data collection provides clinicians 
with the best available evidence to improve clinical 
decision-making. Clinicians can adjust their treatment 
approaches and personalize app settings for each client 
accordingly with a few clicks on the web portal. 
 
4.4. System Evaluation Results 
  
4.4.1. Study Participants. Ten participants were 
recruited to participate in this system evaluation study, 
including five certified SLPs in the greater Pittsburgh 
area and five graduate students with clinical experience 
in the Department of Communication Science and 
Disorders at the University of Pittsburgh. All 10 
participants completed the assigned tasks and provided 
feedback through questionnaires (N = 10). None of 
these participants attended the interview study 
described earlier. Participants had ages between 22 and 
61 (mean = 28.4, SD = 11.71). Eighty percent of 
participants were female and 20% were male. The 
length of time that each participant has provided AAC 
clinical services ranged from half a year through 30 
years (mean = 4.4, SD = 8.65). Here SD means 
standard deviation. The entire study took each 
participant roughly an hour to complete, including 
finishing all assigned tasks and filling out usability 
questionnaires. The time each study participant spent 
on each assigned task was fairly brief (seconds to 
minutes) since all they needed to do was to create 
sentences in the new mobile AAC app and view the 
results in the web portal via a few button clicks. The 
entire procedure went smoothly and no participant had 
difficulties in finishing those assigned tasks.   
 
4.4.2. Overall Usability of EuTalk. The Post Study 
System Usability Questionnaire (PSSUQ) was adopted 
to measure the usability of EuTalk [26]. All ten 
participants completed the usability questionnaire after 
they finished the assigned tasks on EuTalk. 
Participants responded to the statements in PSSUQ on 
a 5-point Likert scale, from 1 (strongly disagree) to 5 
(strongly agree). In other words, higher numbers 
indicated greater satisfaction with the system. The 
overall average rate in the usability study was 4.18 out 
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of 5, which indicated that the study participants 
believed the usability of EuTalk was high.  
 
4.4.3. SLP’s Preferences on Data Collection and 
Reporting Systems. The participants were asked to 
compare EuTalk with two existing data collection and 
reporting approaches described in section 2.3. Ninety 
percent of the participants selected EuTalk as the 
preferred approach for supporting clinical intervention, 
while 10% selected the dedicated AAC device for that 
purpose. Eighty percent of participants chose EuTalk 
as the preferred data collection and reporting approach 
while 10% participants chose mobile app and 10% 
participants chose the dedicated AAC device. 
Furthermore, 90% of the participants selected EuTalk 
as the approach that they would recommend their 
organizations to adopt, while 10% selected the 
dedicated AAC device. The results show that the 
participants agreed that EuTalk could better support 
data collection and reporting in AAC service delivery. 
 
5. Discussion  
 
In this project, a research-based approach was used 
to design, implement, and evaluate the integrated 
mHealth platform for AAC clinical service delivery. 
The mobile app provides PwCD an opportunity to use 
the app as an AAC intervention tool and deliver the 
clinically relevant data to SLPs without any extra 
efforts of PwCD, their caregivers, or SLPs. The web-
based portal provides SLPs with an effective 
supporting tool for data analysis, integration, and 
report generation.  
Since the rehabilitation process is usually long and 
frustrating, the performance reports can not only help 
SLPs to design appropriate treatment plans but also 
help PwCD to gain confidence, which fulfills the 
desired outcome of EBP. Our mHealth platform may 
therefore improve user engagement, as well as help 
SLPs to adjust the treatment plans according to solid 
patient data, support their clinical evaluation, and 
ultimately streamline the workflow (reduce costs) and 
improve the quality of their clinical service. 
There are some limitations in this project. First, 
only one usability study of the system was conducted. 
Patients’ clinical performance after the adoption of the 
entire system in AAC clinics was not evaluated yet. 
Second, the usability study focused on the viability of 
the system, and the SLPs’ preference on the newly 
implemented mHealth system and two existing 
approaches. The quantitative study on user satisfaction 
with each approach was not conducted. Although the 
overall result showed the integrated platform offers a 
better analytics approach, the statistical difference was 
not determined. In our future work, we will design 
clinical trials to collect patients’ clinical performance 
data and monitor SLPs’ engagement in this system. 
 
6. Conclusion  
 
In this project, a mixed method, including an 
interview and a survey with SLPs, was used to 
understand SLPs’ perceptions and expectations on data 
collection and reporting in AAC therapy. An integrated 
mHealth platform (EuTalk) was created according to 
the interview and survey study results. The usability 
study on EuTalk and a brief survey on SLPs’ 
preferences on data collection and reporting 
approaches indicated that SLPs were satisfied with 
EuTalk and preferred to use EuTalk in their clinical 
practice. In other words, the integrated mHealth 
platform offers a better clinical data collection and 
reporting approach for AAC clinical services. Also, it 
may facilitate evidence based communication 
rehabilitation service delivery, which may make it 
possible to improve the quality of the healthcare 
services and reduce the cost at the same time.  
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